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(57) ABSTRACT 
The invention relates to a ?uid storage and delivery system 
utilizing a porous metal matrix that comprises at least one 
Group VIII metal or Group IB metal therein. In one aspect 
of the invention, such porous metal matrix forms a solid 
phase metal adsorbent medium, characterized by an average 
pore diameter of from about 0.5 nm to about 2.0 nm and a 
porosity of from about 10% to about 30%. Such solid-phase 
metal adsorbent medium is particularly useful for sorptively 
storing and desoprotively dispensing a 10W vapor pressure 
?uid, e.g., ClF3, HF, GeF4, Br2, etc. In another aspect of the 
invention, such porous metal matrix forms a solid-phase 
metal sorbent, characterized by an average pore diameter of 
from about 0.25 pm to about 500 pm and a porosity of from 
about 15% to about 95%, Which can effectively immobilize 
loW vapor pressure lique?ed gas and prevent the same from 
entering the ?uid regulator as described in US. Pat. No. 
6,089,027. 

531% 



Patent Application Publication Jul. 10, 2003 Sheet 1 0f 2 US 2003/0126991 A1 



Patent Application Publication Jul. 10, 2003 Sheet 2 0f 2 US 2003/0126991 A1 

326 

_ 522 

31s ‘ — 

\\s24 

314 320 
316 " 512 

3oo\ 510 

308 
s30 

:32 

304 I31 336 

135' "302 

22.0 

FIG.2 



US 2003/0126991 A1 

ADSORBENTS FOR LOW VAPOR PRESSURE 
FLUID STORAGE AND DELIVERY 

BACKGROUND OF INVENTION 

[0001] 1. Field of Invention 

[0002] The invention relates to a ?uid supply systems, to 
a solid-phase adsorbent material useful for storing and 
dispensing ?uids of loW vapor pressure, and to a solid-phase 
sorbent material useful for storing and dispensing lique?ed 
?uids. 

[0003] 2. Description of the Related Art 

[0004] In a Wide variety of industrial processes and appli 
cations, there is a need for a reliable source of process ?uids. 
Such process and application areas include, but are not 
limited to, semiconductor manufacturing, ion implantation, 
manufacture of ?at panel displays, medical intervention and 
therapy, Water treatment, emergency breathing equipment, 
Welding operations, space-based delivery of liquids and 
gases, etc. 

[0005] Conventionally, processing ?uids are supplied for 
commercial applications by means of high-pressure cylin 
ders containing compressed processing ?uids. HoWever, 
such conventional high-pressure gas cylinders are suscep 
tible to leakage from damaged or malfunctioning regulator 
assemblies, as Well as to rupture if internal decomposition of 
the gas leads to rapid increase of interior gas pressure in the 
cylinder. These de?ciencies pose a risk of unWanted bulk 
release of gas from the cylinder. Such bulk release in turn 
can create very haZardous and even catastrophic conditions 
Where toXic or otherWise haZardous ?uids are involved, 
particularly during transportation and shipment of ?uid 
cylinders When back-up scrubbing or other safety systems 
may not be present. 

[0006] To overcome these inherent problems of high 
pressure gas cylinders, sorbent-based ?uid storage and dis 
pensing systems may be employed, of the type disclosed in 
US. Pat. No. 5,518,528, issued May 21, 1996 in the names 
of Glenn M. Tom and James V. McManus. Such sorbent 
based ?uid storage and dispensing systems effectively 
reduce the interior gas pressure by reversibly adsorbing 
sorbate ?uid onto a physical sorbent medium disposed inside 
a containment vessel. 

[0007] Sorbent-based ?uid storage and dispensing systems 
of such type signi?cantly reduce the risk of gas leakage and 
cylinder rupture associated With conventional high-pressure 
gas cylinders. These systems typically utiliZe physical sor 
bent materials, such as silica, carbon molecular sieves, 
alumina, polymers, kieselguhr, carbon, and aluminosilicates, 
having average pore siZes in a range of from 4 Angstroms to 
13 Angstroms. Although these sorbent materials of such 
pore siZe character are effective for reducing pressure of 
certain high vapor pressure ?uids (e.g., AsH3, PH3, and 
BF3), they are not satisfactory for purpose of storing and 
delivering ?uids of loW vapor pressures (i.e. <200 psig at 
room temperature), especially the reactive ?uids, for the 
folloWing reasons. 

[0008] First, such sorbent materials are chemically incom 
patible With loW vapor pressure gases such as ClF3, WF6 and 
Br2, reacting With the gases to form unWanted byproducts. 
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[0009] Further, such conventionally employed sorbent 
materials, due to their respective pore siZe distributions, are 
oftentimes characteriZed by adsorption potentials that are 
too high. They cannot effectively desorb loW vapor pressure 
gases from the sorbent, and therefore are inadequate to 
deliver loW vapor pressure gases to the tool under normal 
application conditions. The term “normal application con 
ditions” is hereby de?ned as ?uid delivery conditions char 
acteriZed by a decrease of pressure from 650 torr to 10 torr 
at room temperature. 

[0010] For eXample, sorbent materials of the type dis 
closed by the Tom et al. patent, Which are characteriZed by 
(1) average pore siZes in the range of 4-13 Angstroms and 
(2) porosity in the range of 30-40%, measured as [gross 
volume of sorbate/gross volume of sorbent material includ 
ing voids]><100%, are only able to desorb 10-20% of the loW 
vapor pressure gases such as Br2 under normal application 
conditions, While the same sorbent materials can desorb 
70-90% of the high vapor pressure gases such as arsine 
(AsH3) and phosphine (PH3). 
[0011] US. Pat. No. 6,089,027, issued Jul. 18, 2000 in the 
names of Luping Wang and Glenn M. Tom, describes an 
improved gas storage and dispensing system for storage and 
dispensing of loW vapor pressure lique?ed gases such as 
ClF3, W136, GeF4, and Br2, etc., in Which a ?uid pressure 
regulator is disposed inside of the ?uid storage and dispens 
ing vessel. The ?uid pressure regulator functions as a ?oW 
control device, Which can be set at a predetermined pressure 
level, to dispense ?uids from the vessel at such pressure 
level. Such “regulator in a bottle” arrangement provides an 
effective system for storage and dispensing of liquids and 
gases at pressure levels that vary from about 50 psig to about 
5000 psig, depending on the speci?c end use application. 
When the pressure is set at a subatmospheric level, it can 
effectively eliminate the haZards of gas leaking out of the 
vessel in case of development of an external leak during 
cylinder transportation. The “regulator in a bottle” arrange 
ment is also ideal for safe storage and delivery of very loW 
vapor pressure (less than 14.7 psia) pyrophoric organomet 
alllic ?uids such as trimethyl aluminum, dimethyl aluminum 
hydride, etc. When storing pyrophoric ?uids of very loW 
vapor pressure, the “regulator in a bottle” arrangement With 
the subatmospherical setting can effectively prevent air from 
leaking into the cylinder if an eXternal leak develops during 
cylinder transportation and handling, therefore eliminating 
the potential ?re and other haZards caused by reaction 
betWeen the pyrophoric ?uids and the air. 

[0012] HoWever, When the ?uid storage and dispensing 
vessel of Wang et al. patent is used for lique?ed gases, the 
?uid pressure regulator is susceptible to malfunction, 
because lique?ed gases can easily enter the regulator and 
cause discharge pressure instability. In applications such as 
semiconductor manufacture, the maintenance of precisely 
controlled ?oW characteristics (temperature, pressure, ?oW 
rate and composition) is critical to the achievement of 
satisfactory product microelectronic device structures. In 
such applications, the pressure instability incident to liquid 
ingress to the regulator compartment causes the occurrence 
of process perturbations that may render the product micro 
electronic device structure unsatisfactory or even Wholly 
useless for its intended purpose. 

[0013] Moreover, during the ?uid delivery process, sig 
ni?cant cooling occurs When the lique?ed gas is evaporated 
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from the storage cylinder, due to the heat loss of vaporiZa 
tion. The cooling Will signi?cantly reduce the vapor pressure 
of the lique?ed gas, resulting in insuf?cient evaporation and 
sloWing doWn gas ?oW from the cylinder. One or more 
heat-exchange units are usually provided on the external 
Wall of the cylinder, for externally supplying thermal energy 
to the lique?ed gas to compensate for the heat loss caused by 
evaporation. HoWever, the conventional sorbent materials 
have loW thermal conductivities and are therefore ineffective 
for transfering heat to the lique?ed gas inside the cylinder. 
Insuf?cient heat transfer causes uneven distribution of ther 
mal energy in different portions of the cylinder, i.e., over 
heating of the exterior of the cylinder and underheating of 
the interior of the cylinder. 

[0014] The art has not found a solution to the above 
described problems associated With loW vapor pressure 
?uids or lique?ed gases, With respect to sorbent materials 
having good sorptive af?nity, good capacity loading char 
acteristics, good chemical stability, good desorption charac 
teristics, good thermal conductivity, or of liquid containment 
and occlusion from the regulator element in internal regu 
lator-based ?uid storage and dispensing systems. 

[0015] There is accordingly a need in the art for a physical 
sorbent material that is chemically compatible With loW 
vapor pressure ?uids, that has an adequate pore siZe, poros 
ity and pore siZe distribution to reduce storage pressure of 
loW vapor pressure gases via reversible adsorption of such 
gases, and that enables the sorbate ?uid to be readily 
desorbed from the physical adsorbent material for discharge 
from the vessel during dispensing operation. 

[0016] There is concurrently a need in the art for a solution 
for the liquid ingress problems associated With the use of 
internal regulator-based ?uid storage and dispensing sys 
tems. 

SUMMARY OF THE INVENTION 

[0017] The present invention resolves the aforementioned 
problems by the use of a solid-phase sorbent medium for 
storing and dispensing a loW vapor pressure ?uid, in Which 
such solid-phase sorbent medium can effectively desorb the 
loW vapor pressure ?uid therefrom under normal application 
conditions. Further, the present invention is useful for stor 
ing and dispensing a lique?ed gas, in Which such solid-phase 
sorbent medium functions as a protective medium to prevent 
the lique?ed gas from entering into the regulator element in 
an internal regulator-based ?uid storage and dispensing 
system. 

[0018] The solid-phase sorbent medium of the present 
invention is a porous metal matrix comprising at least one 
Group VIII or IE metal or metal alloy. 

[0019] The porous metal matrix may comprise any Group 
VIII or IE metal or metal alloy that is chemically compatible 
With the loW vapor pressure ?uid, accommodating the sorp 
tion and desorption of the ?uid Without adverse reaction or 
other interaction. The porous metal matrix thus may com 
prise metals selected from the group consisting of iron, 
nickel, cobalt, ruthenium, rhodium, palladium, osmium, 
iridium, platinum, copper, silver, gold and alloys, blends and 
combinations of one or more of the foregoing metal species. 

[0020] The term “loW vapor pressure”, When used herein, 
means vapor pressure of less than 200 psig, measured at 
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room temperature. LoW vapor pressure ?uids of particular 
interest in the general practice of the invention include, but 
are not limited to, ClF3, WF6, HF, GeF4, Br2, and the like. 

[0021] Among Group VIII metals, nickel and iron have 
been discovered to be particularly compatible With loW 
vapor pressure ?uids and therefore are highly advantageous 
materials for forming the porous metal matrix. In a particu 
larly preferred embodiment of the present invention, stain 
less steel is used as a material of construction for the porous 
metal matrix. 

[0022] In one aspect of the invention, the porous metal 
matrix constitutes a solid-phase metal adsorbent medium for 
adsorbing loW vapor pressure liquids, having (1) an average 
pore diameter in the range of from about 0.5 nm to about 2.0 
nm and (2) a porosity in the range of from about 10% to 
about 30%. The pore siZe distribution of such solid-phase 
metal adsorbent medium is preferably characteriZed by 
about 80% to about 90% of pores having a diameter in the 
range of from about 1.5 nm to about 2.0 nm, and about 10% 
to about 20% of pores having a diameter greater than 2.0 nm. 

[0023] The solid-phase metal adsorbent medium of the 
invention, as described hereinabove, is capable of reducing 
the pressure of loW vapor pressure ?uids to subatmospheric 
pressure levels on the order of 12.6 psia/0.85 atm. 

[0024] Such solid-phase metal adsorbent medium may 
also contain non-metal adsorbent particles that are dispersed 
in a porous Group VIII or Group IB metal matrix, or 
alternatively, such solid-phase metal adsorbent medium may 
comprise non-metal adsorbent particles that are coated With 
Group VIII or IE metal(s) or metal alloy(s). Useful non 
metal adsorbent particles in practice of the present invention 
include, but are not limited to, Zeolites, carbon materials, 
porous silicon, polymers, aluminum phosphosilicate, clays, 
and combinations of tWo or more thereof. Among these 
non-metal adsorbent materials, Zeolites and carbon materi 
als, or combinations thereof, are preferred. Preferably, the 
average pore siZe of the non-metal adsorbent particles is less 
than 500 pm and more preferably in a range of from about 
0.5 nm to about 50.0 nm. 

[0025] In another aspect of the invention, the porous metal 
matrix constitutes a solid-phase metal sorbent medium for 
containing and immobiliZing lique?ed gases in an internal 
regulator-based ?uid storage and dispensing system, having 
(1) an average pore diameter in a range of from about 0.25 
pm to about 500 pm and (2) a porosity in a range of from 
about 15% to about 95%. The solid-phase metal sorbent 
medium in this embodiment is particularly effective for 
immobiliZing the lique?ed gases and preventing such gases 
from entering into the ?uid pressure regulator and interfer 
ing With its proper operation. 

[0026] Yet another aspect of the present invention relates 
to a process of forming the porous metal matrix, comprising 
the steps of: 

[0027] providing ?ne metal particles of at least one of 
Group VIII metals, Group IBmetals, and alloys 
thereof; and 

[0028] sintering such ?ne metal particles, e.g., in a 
sintering furnace, to form the porous metal matrix. 

[0029] The term “?ne metal particles” as used herein 
means metal particles having an average particle siZe of not 
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more than about 1000 pm and preferably not more than 
about 500 pm. More preferably, the ?ne metal particles used 
in the practice of the present invention have an average 
particle siZe in the range from about 20 nm to about 1 pm. 

[0030] Sintering of the ?ne metal particles may be carried 
out in a sintering furnace or in other suitable manner, at an 
appropriate temperature, e.g., a temperature in a range of 
from about 20° C. to about 1500° C., to ensure formation of 
a continuous metal matrix Without destroying the porosity of 
the ?ne metal particles being sintered. 

[0031] In a still further aspect of the present invention, the 
porous metal matrix is formed by a process comprising the 
steps of: 

[0032] forming a solid-phase matrix comprising at 
least one Group VIII or IE metal and an oxidiZable 
carbon-containing material; and 

[0033] heating such solid-phase matrix in the pres 
ence of an oxidiZing agent to gasify the oxidiZable 
carbon-containing material. 

[0034] OxidiZable carbon-containing materials useful in 
the practice of the present invention include, but are not 
limited to, elemental carbon materials, such as graphite, 
diamond, amorphous carbon, etc., as Well as various hydro 
carbon compounds. Preferably, the oxidiZable carbon-con 
taining materials comprise hydrocarbon compounds. HoW 
ever, such preference is not intended to limit the broad 
practice of the present invention. One ordinarily skilled in 
the art can readily determine, Without undue experimenta 
tion, other suitable species of carbon-containing materials 
for the purpose of practicing the present invention, accord 
ing to speci?c operational requirements and conditions. 

[0035] The oxidiZing agent useful in the practice of the 
present invention may include any suitable oxidiZer com 
monly used and Well-knoWn in the art. In one preferred 
embodiment, such oxidiZing agent is selected from the 
group consisting of elemental oxygen, oxygen gas (O2), 
oZone, air, and combinations thereof. Other kinds of oxidiZ 
ers can also or alternatively be employed, as Will be readily 
determinable by one ordinarily skilled in the art. 

[0036] In another speci?c aspect of the present invention, 
the porous metal matrix is formed by a process including the 
folloWing steps: 

[0037] forming a solid-phase matrix comprising at 
least one Group VIII or IE metal and soluble metal 
oxide particles; and 

[0038] immersing such solid-phase matrix in an 
acidic solution to dissolve said soluble metal oxide 
particles. 

[0039] The term “soluble metal oxide”, as used herein, 
means a metal oxide dissolvable in an acidic solution. 

[0040] Preferably, the soluble metal oxide particles com 
prise at least one metal component selected from the group 
consisting of Fe, Ni, Ag, and Pt. The soluble metal oxide 
particles can be of any suitable particle siZe and particle siZe 
distribution characteristics. 

[0041] Another aspect of the present invention relates to 
an adsorption-desorption apparatus, for storage and dispens 
ing of a loW vapor pressure ?uid, comprising: 
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[0042] a storage and dispensing vessel constructed 
and arranged for holding a solid-phase metal adsor 
bent medium; 

[0043] a solid-phase metal adsorbent medium dis 
posed in said storage and dispensing vessel at an 
interior gas pressure, said solid-phase metal adsor 
bent medium comprising a porous metal matrix 
including at least one Group VIII or IE metal; 

[0044] a loW vapor pressure ?uid adsorbed on said 
solid-phase metal adsorbent medium; and 

[0045] a dispensing assembly coupled in gas ?oW 
communication With the storage and dispensing ves 
sel, and arranged for dispensing from the vessel the 
loW vapor pressure ?uid desorbed from the solid 
phase metal adsorbent medium. 

[0046] A further aspect of the invention relates to a ?uid 
storage and dispensing system, comprising a vessel holding 
a solid-phase metal adsorbent medium having a loW vapor 
pressure ?uid adsorbed thereon, such vessel including a port 
having dispensing means associated thereWith for control 
lably dispensing the loW vapor pressure ?uid desorbed from 
the solid-phase metal adsorbent medium in a dispensing 
mode of operation of the system, Wherein the solid-phase 
metal adsorbent medium includes a porous metal matrix 
comprising at least one Group VIII or IE metal. 

[0047] Such solid-phase metal adsorbent medium prefer 
ably has (1) an average pore diameter in a range of from 
about 0.5 nm to about 2 nm, and (2) a porosity in a range of 
from about 10% to about 30%. 

[0048] Exclusive of the solid-phase metal adsorbent 
medium of the present invention, such adsorption-desorp 
tion apparatus may be of a general type described in US. 
Pat. No. 5,518,528 for “Storage and delivery system for 
gaseous hydride, halide, and organometallic group V com 
pounds,” issued May 21, 1996 to Glenn M. Tom and James 
V. McManus, the disclosure of Which is incorporated by 
reference herein in its entirety. 

[0049] Yet another aspect of the present invention relates 
to a ?uid storage and dispensing apparatus, for storage and 
dispensing of a loW vapor pressure lique?ed gas, compris 
ing: 

[0050] a storage and dispensing vessel constructed 
and arranged for holding a solid-phase metal sorbent 
medium; 

[0051] a solid-phase metal sorbent medium disposed 
in said storage and dispensing vessel at an interior 
gas pressure, said solid-phase metal sorbent medium 
comprising a porous metal matrix including at least 
one Group VIII or IE metal; 

[0052] a loW vapor pressure lique?ed gas sorbed by 
said solid-phase metal sorbent medium; 

[0053] a ?uid dispensing assembly coupled in gas 
?oW communication With the storage and dispensing 
vessel, and arranged for dispensing from the vessel 
gas derived from the loW vapor pressure lique?ed 
gas; and 

[0054] a ?uid pressure regulator associated With the 
?uid dispensing assembly, and arranged to maintain 
a predetermined pressure in the interior volume of 
the vessel, 
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[0055] wherein the ?uid dispensing assembly is selec 
tively actuatable to ?oW gas, derived from the loW vapor 
pressure lique?ed gas sorbed by said solid-phase metal 
sorbent medium, through the ?uid pressure regulator, for 
discharge of the gas from the vessel. 

[0056] Preferably, such metal sorbent medium for sorbing 
the loW vapor pressure lique?ed gas is characteraZed by (1) 
an average pore diameter in a range of from about 0.25 pm 
to about 500 pm and (2) a porosity in a range of from about 
15% to about 95%. 

[0057] More preferably, the ?uid storage and dispensing 
apparatus of the present invention further comprises one or 
more heating elements for supplying thermal energy to 
compensate for heat loss during the evaporation of the loW 
vapor pressure lique?ed gas. Such heating elements may be 
constructed and arranged in any manner to supply thermal 
energy to the loW vapor pressure liquie?ed gas. For example, 
such heating elements may be dispersed among the sorbent 
medium inside the storage and dispensing vessel; alterna 
tively, such heating elements may be disposed on an external 
Wall of the storage and dispensing vessel and supply thermal 
energy to the lique?ed gas through thermal conduction. The 
solid-phase metal sorbent medium preferably has high ther 
mal conductivity for effectively conducting the thermal 
energy from the external Wall of the storage and dispensing 
vessel to the lique?ed gas stored therein. 

[0058] Exclusive of the solid-phase metal sorbent medium 
of the present invention, such ?uid storage and dispensing 
apparatus may be of a general type described in US. Pat. 
No. 6,089,027 for “Fluid storage and dispensing system,” 
issued Jul. 18, 2000 to Luping Wang and Glenn M. Tom, the 
disclosure of Which is incorporated by reference herein. 

[0059] Yet another aspect of the present invention relates 
to a process for supplying a loW vapor pressure ?uid reagent, 
comprising: 

[0060] providing a storage and dispensing vessel 
containing a solid-phase metal adsorbent medium 
having a sorptive af?nity for said loW vapor pressure 
?uid reagent; 

[0061] sorptively adsorbing the loW vapor pressure 
?uid reagent on the solid-phase metal adsorbent 
medium at an interior gas pressure to yield a sorbate 
?uid-retaining metal adsorbent medium; 

[0062] desorbing sorbate ?uid from the sorbate ?uid 
retaining metal adsorbent medium; and 

[0063] dispensing the desorbed ?uid from said stor 
age and dispensing vessel; 

[0064] Wherein the solid-phase metal adsorbent medium 
comprises a porous metal matrix including at least one 
Group VIII or IB metal. 

[0065] In a still further aspect, the invention relates to a 
method of supplying a loW vapor pressure ?uid to a process 
requiring same, such method comprising sorptively retain 
ing the loW vapor pressure ?uid on a solid-phase adsorbent 
including a porous metal matrix comprising at least one 
Group VIII or IB metal, and desorptively removing the loW 
vapor pressure ?uid from the adsorbent and transporting 
same to the process When the process requires same. 
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[0066] Yet another aspect of the invention relates to a 
method of suppressing pressure perturbations of a ?uid 
storage and dispensing system including a storage and 
dispensing vessel for holding a loW vapor pressure lique?ed 
gas therein, a discharge assembly disposed on the vessel for 
dispensing the loW vapor pressure lique?ed gas therefrom, 
and a gas ?oW regulator inside the vessel arranged for ?oW 
therethrough of gas deriving from the loW vapor pressure 
lique?ed gas, so that gas ?oWs through the regulator prior to 
?oW through the discharge assembly, Wherein the pressure 
perturbations are occasioned by ingress of the loW vapor 
pressure lique?ed gas into the regulator, such method com 
prising shielding the regulator from contact With the loW 
vapor pressure lique?ed gas With a body of solid-phase 
metal sorbent medium arranged in the vessel to sorptively 
immobiliZe any loW vapor pressure lique?ed gas that Would 
otherWise ?oW into the regulator, such metal sorbent 
medium including a porous metal matrix comprising at least 
one Group VIII or IB metal. Preferably, such metal sorbent 
medium is characteraZed by (1) an average pore diameter in 
a range of from about 0.25 pm to about 500 pm and (2) a 
porosity in a range of from about 15% to about 95%. 

[0067] Other objects and advantages of the invention Will 
be more fully apparent from the ensuing disclosure and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0068] FIG. 1 is a perspective vieW of an adsorption 
desorption apparatus according to one embodiment of the 
present invention. 

[0069] FIG. 2 is a schematic cross-sectional elevation 
vieW of a ?uid storage and dispensing system according to 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION, AND PREFERRED EMBODIMENT 

THEREOF 

[0070] The present invention relates to an improved sor 
bent material for storage and dispensing of loW vapor 
pressure ?uids, comprising a porous metal matrix including 
one or more Group VIII metals. The metal(s) may be in 
elemental or alloyed forms, and Where multiple metal com 
ponents are present, the metals may be in the form of alloys, 
blends, and/or other combinations. 

[0071] Porous metal sorbent materials comprising Group 
VIII metals have been determined to be chemically com 
patible With loW vapor pressure ?uids, such as for example, 
ClF3, WF6, HF, GeF4, and Br2, etc. 

[0072] It has been discovered that, unexpectedly, the 
porous Group VIII and IB metal sorbents of the present 
invention reversibly interact With the loW vapor pressure 
?uids to sorptively retain the loW vapor pressure ?uids and 
to readily desorb the sorbate ?uid under dispensing condi 
tions, such as may involve for example pressure differential 
mediated desorption, thermally-mediated desorption, con 
centration differential-mediated desorption, etc. 

[0073] The porous Group VIII and/or IB metal sorbents of 
the present invention in one aspect provide a solid-phase 
metal adsorbent medium for storing and dispensing a loW 
vapor pressure ?uid. When used for such purpose, the 
solid-phase adsorbent medium is preferably characteriZed 
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by (1) an average pore diameter in a range of from about 0.5 
nm to about 2 nm and (2) a porosity in a range of from about 
10% to about 30%. 

[0074] The porous Group VIII and/or IBmetal sorbents of 
the present invention in another aspect provide a protective 
sorbent medium for immobilizing lique?ed gas and prevent 
ing ingress of such lique?ed gas to the regulator element in 
an internal regulator-based ?uid storage and dispensing 
system as described in Us. Pat. No. 6,089,027 for “Fluid 
storage and dispensing system,” issued Jul. 18, 2000 to 
Luping Wang and Glenn M. Tom, the disclosure of Which is 
incorporated by reference herein. When used for such pur 
pose, the solid-phase sorbent medium is preferably charac 
teriZed by (1) an average pore diameter in a range of from 
about 0.25 pm to about 500 pm and (2) a porosity in a range 
of from about 15% to about 95%. 

[0075] The solid phase sorbent medium of the invention is 
a porous metal matrix comprising at least one Group VIII 
metal, Group IB metal or metal alloy, e.g., iron, nickel, 
cobalt, ruthenium, rhodium, palladium, osmium, iridium, 
platinum, copper, silver, gold and alloys, blends and com 
binations of one or more of the foregoing metal species. The 
porous metal matrix is selected to be chemically compatible 
With the loW vapor pressure ?uid, such as for example ClF3, 
WF6, HF, GeF4, Br2, or the like, and to accommodate the 
adsorption and desorption of the ?uid Without adverse 
reaction or other interaction. Nickel, iron and stainless steel 
are highly preferred porous metal matrix materials of con 
struction. 

[0076] The solid-phase adsorbent may be in any suitable 
shape or conformation, including spherical particles, cylin 
drical particles, poWders, granules, ?akes, sheets, or other 
geometrically regular or irregular forms. The particulate or 
divided form adsorbent may be contained in the ?uid storage 
and dispensing vessel in a bed or ?xed mass, as appropriate 
to the ?uid and its end use application. 

[0077] The solid-phase metal adsorbent comprising the 
porous Group VIII and/or IB metal matrix may also contain 
non-metal adsorbent particles dispersed in the solid-phase 
adsorbent composition. Alternatively, the solid-phase metal 
adsorbent may be constituted With non-metal adsorbent 
particles that are coated With Group VIII and/or IB metal(s) 
or metal alloy(s). The non-metal adsorbent particles for such 
purpose can be formed of Zeolites, carbon materials, porous 
silicon, polymers, aluminum phosphosilicate, clays, or com 
binations of tWo or more of such species, With Zeolites 
and/or carbon materials being preferred. The average siZe of 
the non-metal adsorbent particles is preferably in the range 
of from about 1000 pm to about 10 nm. 

[0078] The porous metal matrix may be formed from ?ne 
metal particles, e.g., having an average particle siZe in the 
range from about 1000 pm to about 20 nm of Group VIII or 
IE metals that are sintered, e.g., in a sintering furnace at a 
temperature in a range of from about 20° C. to about 1500° 
C., to form the porous metal matrix. The sintering operation 
should be closely controlled, e.g., by thermal monitoring 
elements and temperature controllers, to provide a sintered 
product retaining good porosity characteristics. Excessive 
temperatures in the sintering operation Will result in occlu 
sion and closure of the porosity in the matrix structure, and 
appropriate sintering temperatures and exposure times may 
be readily empirically determined for a given application of 
the invention. 
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[0079] In an alternative synthesis technique, porous metal 
matrix sorbent materials in accordance With the invention 
can be manufactured by forming a solid-phase matrix of the 
Group VIII or IE metal or metal alloy, and an oxidiZable 
carbon-containing material. This solid-phase matrix then is 
heated in the presence of an oxidiZing agent to gasify the 
oxidiZable carbon-containing material. The oxidiZable car 
bon-containing material may be of any suitable type, such as 
elemental carbon materials (graphite, diamond, amorphous 
carbon, etc.) or any of various hydrocarbon compounds. The 
oxidiZing agent can contain elemental oxygen, oxygen gas 
(02), oZone, air, or combinations of such materials. 

[0080] In another variant synthesis technique, the porous 
metal matrix is manufactured by forming a solid-phase 
matrix including the Group VIII metal and soluble metal 
oxide particles, and then immersing the solid-phase matrix 
in an acidic solution capable of dissolving the metal oxide 
particles. Preferably, the soluble metal oxide particles are 
formed of a metal such as Fe, Ni, Ag, or Pt, of suitable 
particle siZe and particle siZe distribution characteristics, 
e.g., having an average particle siZe in a range of from about 
0.5 nm to about 2.0 nm. 

[0081] The porous metal matrix adsorbents of the inven 
tion can be usefully employed in an adsorption-desorption 
apparatus for storage and dispensing of a loW vapor pressure 
?uid, including a storage and dispensing vessel holding the 
adsorbent at an interior gas pressure, and the vessel coupled 
to a dispensing assembly arranged to dispense desorbed loW 
vapor pressure ?uid from the vessel in dispensing operation. 

[0082] Adsorption-desorption apparatus of a general type 
in Which the porous metal matrix adsorbents of the invention 
can be usefully employed, are described in US. Pat. No. 
5,518,528 for “Storage and delivery system for gaseous 
hydride, halide, and organometallic group V compounds,” 
issued May 21, 1996 to Glenn M. Tom and James V. 
McManus. 

[0083] The porous metal matrix of the invention can also 
be utiliZed in a regulator-based storage and dispensing 
systems of a type described in US. Pat. No. 6,089,027 for 
“Fluid storage and dispensing system,” issued Jul. 18, 2000 
to Luping Wang and Glenn M. Tom, for protection of the 
regulator element. In such application, the porous metal 
matrix adsorbent can be deployed in a ?uid inlet passage 
coupled to the ?uid regulator, e.g., in a ?oW-through com 
partment of such passage containing a solid-phase metal 
sorbent medium formed of the porous metal matrix, 
Whereby the metal sorbent medium sorptively immobiliZes 
any loW vapor pressure lique?ed gas and prevents such from 
entering the ?uid inlet passage from the bulk liquid volume 
in the vessel, to thereby protect the regulator from pressure 
perturbations. 

[0084] Fluid storage and dispensing systems of the above 
described types may be usefully employed for supplying loW 
vapor pressure ?uid reagent, by loading the porous metal 
adsorbent in the storage and dispensing vessel With the loW 
vapor pressure ?uid reagent. The porous metal adsorbent, 
having a sorptive af?nity for the loW vapor pressure ?uid, 
physically adsorbs the ?uid. 

[0085] At the conclusion of the sorption, When the porous 
metal adsorbent has been loaded With the ?uid and all 
thermal (heat of sorption) effects have dissipated, an interior 
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gas pressure obtains in the interior volume of the vessel. The 
porous metal adsorbent of the invention enables sub-atmo 
spheric pressure to be maintained in the vessel, to maximiZe 
the safety of the contained ?uid system. In subsequent use, 
?uid is desorbed from the metal adsorbent and dispensed 
from the vessel. 

[0086] Desorption may be effected in any suitable manner, 
e.g., by heating of the porous metal adsorbent to effect 
desorption of the ?uid species from the adsorbent, or by 
establishing a pressure differential that causes the ?uid to 
desorb from the adsorbent, e.g., application of vacuum or 
suction to the interior volume of the vessel through the 
associated dispensing assembly of the vessel to desorptively 
extract the sorbed ?uid from the adsorbent, or by ?oWing a 
carrier gas through the vessel in order to create a concen 
tration differential, and effect desorption of the ?uid from the 
adsorbent by the associated mass transfer gradient, so that 
the ?uid is released from the adsorbent and entrained in the 
carrier gas stream, for discharge from the vessel. 

[0087] Alternatively, tWo or more of the above-described 
modes may be applied to effect desorption of the ?uid from 
the porous metal adsorbent. Further, any other method of 
desorption may be employed, as ef?cacious to produce 
disengagement of the adsorbed ?uid species from the metal 
adsorbent. 

[0088] Referring noW to the draWings, FIG. 1 is a sche 
matic representation of a storage and dispensing system 10 
comprising storage and dispensing vessel 12. The storage 
and dispensing vessel may for example comprise a conven 
tional gas cylinder container of elongate character, or other 
vessel of desired siZe and shape characteristics. In the 
interior volume of such vessel is disposed a bed 14 of the 
porous metal adsorbent 16 of the present invention. 

[0089] The vessel 12 is provided at its upper end With a 
conventional cylinder head ?uid dispensing assembly 18 
coupled With the main body of the cylinder 12 at the port 19. 
Port 19 alloWs ?uid ?oW from the interior volume 11 of the 
cylinder into the dispensing assembly 18. To prevent 
entrainment of particulate solids in the ?uid being dispensed 
from the cylinder, the port 19 may be provided With a frit or 
other ?lter means therein. 

[0090] The vessel 12 may also be provided With internal or 
external heating elements (not shoWn) that serve to ther 
mally assist desorption of the sorbate ?uid. Preferably, 
hoWever, the sorbate ?uid is at least partially, and most 
preferably fully, dispensed from the storage and dispensing 
vessel containing the adsorbed ?uid by pressure differential 
mediated desorption. Such pressure differential may be 
established by ?oW communication betWeen the storage and 
dispensing vessel, on the one hand, and the exterior dis 
pensing environment or locus of use, on the other. The 
dispensing means for the vessel may include pumps, bloW 
ers, fans, eductors, ejectors, etc., or any other motive driver 
for ?oWing the ?uid from the vessel to the locus of use of the 
dispensed ?uid. 

[0091] The adsorbent 16 comprises a porous metal matrix 
including at least one Group VIII or IE metal or metal alloy, 
having sorptive af?nity for the loW vapor pressure ?uid to be 
stored and subsequently dispensed from the vessel 12, With 
the sorbate ?uid being suitably desorbable from the adsor 
bent. Such adsorbent 16 is preferably characteriZed by (1) an 
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average pore diameter in a range of from about 0.5 nm to 
about 2.0 nm and (2) a porosity in a range of from about 10% 
to about 30%. The pore siZe distribution of such adsorbent 
16 is preferably characteriZed by about 80% to about 90% of 
pores having a diameter in a range of from about 1.5 nm to 
about 2.0 nm, and about 10% to about 20% of pores having 
a diamter greater than 2 nm. 

[0092] The adsorbent may be suitably processed or treated 
to ensure that it is devoid of trace components that may 
deleteriously affect the performance of the ?uid storage and 
dispensing system. 

[0093] The adsorbent may be provided in the form of 
particles, granules, extrudates, poWders, cloth, Web materi 
als, honeycomb or other monolithic forms, composites, or 
other suitable conformations. 

[0094] Although it generally is preferred to operate solely 
by pressure differential at ambient temperature conditions, 
in respect of the sorption and desorption of the gas to be 
subsequently dispensed, the storage and dispensing system 
may in some instances advantageously employ a heater 
operatively arranged in relation to the storage and dispens 
ing vessel for selective heating of the adsorbent, to effect 
thermally-enhanced desorption of the sorbed ?uid from the 
solid-phase adsorbent. 

[0095] The ?uid storage and dispensing system optionally 
may be constructed With the adsorbent being present in the 
storage and dispensing vessel together With a chemisorbent 
material having a chemisorptive af?nity for contaminants of 
the sorbate ?uid therein. 

[0096] The ?uid storage and dispensing system of the type 
shoWn in FIG. 1 is advantageously employed for the deliv 
ery of loW vapor pressure ?uids in a Wide variety of 
applications, e.g., to carry out various unit operations of 
semiconductor manufacturing processes. 

[0097] FIG. 2 is a schematic cross-sectional elevation 
vieW of a ?uid storage and dispensing system 300 compris 
ing a sorbent medium 135 formed of a porous metal matrix, 
according to one embodiment of the present invention. The 
system 300 includes a ?uid storage and dispensing vessel 
302 of generally cylindrical form, With cylindrical side Wall 
304 closed at its loWer end by ?oor member 306. At the 
upper end of the vessel is a neck 308 including a cylindrical 
collar 310 de?ning and circumscribing a top opening of the 
vessel. The vessel Wall, ?oor member and neck thereby 
enclose an interior volume 328 as shoWn. 

[0098] The interior volume contains a loW vapor pressure 
lique?ed gas 200, With the portion of the interior volume 328 
that is above the liquid 200 containing the corresponding gas 
220 derived from the liquid 200. 

[0099] At the neck of the vessel, a threaded plug 312 of the 
valve head assembly 314 is threadably engaged With the 
interior threaded opening of the collar 310. The valve head 
assembly 314 includes a central ?uid ?oW passage 320 
joined in ?uid ?oW communication With a central Working 
volume cavity in the valve head assembly. The central 
Working volume cavity is in turn joined to outlet 324, Which 
may be exteriorly threaded or otherWise constructed for 
attachment of a connector and associated piping, conduit, 
etc. thereto. 
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[0100] Disposed in the central Working volume cavity is a 
valve element 322 that is joined to a hand Wheel 326 in the 
embodiment shoWn, but may alternatively be joined to an 
automatic valve actuator or other controller or actuating 
means. 

[0101] The valve head assembly 314 also features in the 
valve block a vent ?oW passage 316 joined to an over 
pressure relief valve 318 and communicating With the inte 
rior volume 328 of the vessel, for relief of gross over 
pressure conditions in the vessel. 

[0102] The central ?uid ?oW passage 320 in the valve 
head assembly 314 is joined at its loWer end to a connector 
?oW tube 330, to Which in turn is joined to the regulator 332. 
The regulator is set to maintain a selected pressure of the 
?uid discharged from the vessel, i.e., the gas deriving from 
the liquid 200. At the loWer end of the regulator is joined a 
gas inlet tube 336 Which in turn is joined, e.g., by butt 
Welding, to a diffuser unit 134 having a diffuser end cap 131 
at its loWer extremity. The diffuser unit may be formed of 
stainless steel, With the diffuser Wall being formed of a 
sintered stainless steel such as 316L stainless steel. The 
diffuser unit has a Wall porosity that permits removal of all 
particles greater than a predetermined diameter, e.g., greater 
than 0.003 micrometers at 30 standard liters per minute ?oW 
rate of gas from the system. Filter diffuser units of such type 
are commercially available from Millipore Corporation 
(Bedford, Mass.) under the trademark WAFERGARD. 

[0103] In the intermediate portion of the bore of the gas 
inlet tube 336 is disposed a bed of the porous metal sorbent 
135 of the present invention, disposed betWeen tWo forami 
nous retention elements 137 and 139, Which may for 
example comprise disk-shaped screen or mesh elements that 
are secured to the inner Wall surface of the gas inlet tube 336 
and retain the metal sorbent 135 in position. The porous 
metal matrix sorbent of the present invention is selected to 
have a suitably high sorptive af?nity for the loW vapor 
pressure liquid 200 in contact thereWith under conditions 
obtaining in the interior volume of the vessel 302. By such 
provision, the sorbent is presented to sorptively immobiliZe 
any liquid 200 that could otherWise, in the absence of the 
adsorbent, ?oW into the regulator 332 and interfere With its 
proper operation. 

[0104] In use, the loW vapor pressure liquid 200 is con 
tained in the interior volume 328 of the vessel 302. The ?uid 
pressure regulator 332 is set to a selected set point to provide 
How of dispensed gas When the valve in the valve head 
assembly 314 is opened, With the gas ?oWing through the 
diffuser unit 334, gas inlet tube 336 (and adsorbent bed 135 
therein), regulator 332, connector ?oW tube 330, central 
?uid ?oW passage 320 in the valve head assembly 314, the 
central Working volume cavity, and outlet 324. The valve 
head assembly may be joined to other piping, conduits, ?oW 
controllers, monitoring means, etc. as may be desirable or 
required in a given end use application. 

[0105] The system shoWn in FIG. 2 thus utiliZes the 
porous metal matrix sorbent of the invention in a guard bed, 
to thereby prevent liquid access to the internally disposed 
regulator in the storage and dispensing vessel. Accordingly, 
the sorbent in such deployment serves to prophylactically 
sorb any in?uent liquid in the gas inlet tube 336 to avoid the 
occurrence of pressure perturbations in the operation of the 
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regulator 332, so that the storage and dispensing system is 
enabled to supply gas at a desired consistent pressure and 
How rate. 

[0106] The system of FIG. 2 may also comprise one or 
more internal or external heating elements (not shoWn) to 
supply thermal energy to the liquid 200. When liquid 200 
evaporates to form the gas 220 for delivery out of the vessel, 
thermal energy in the liquid 200 reduces signi?cantly as a 
result of such evaporation, Which in turn causes cooling of 
the liquid 200. Such cooling Will loWer the evaporation 
speed and sloW doWn the gas ?oW from the liquid 200. In 
order to compensate for such reduction of thermal energy 
due to evaporation, internal or external heating elements can 
be employed to continuously or periodically supply thermal 
energy to the liquid 200. Such heating elements can be 
dispersed directly Within the liquid 200, or alternatively, be 
disposed on the external Wall of the vessel 302. 

[0107] The invention Will be more fully understood With 
reference to the folloWing non-limiting examples: 

EXAMPLE 1 

[0108] Tests Were conducted to determine the sorbate 
storage capacities of tWo porous metal sorbent materials. 
The ?rst adsorbent is formed by sintering Inco Type® 210 
nickel poWder and the second adsorbent Was formed from 
Incofoam®. Each sorbent Was placed in a 7 micron 
SWagelok® ?lter cup Which Was then positioned in a stain 
less steel container having an interior volume of 50 ml. 

[0109] Isopropanol (hereinafter “IPA”) Was added to the 
sorbent. The total Weight of IPA liquid added Was recorded, 
and the container Was continuously monitored for detection 
of any IPA liquid dripping. As soon as dripping of liquid 
from the container Was detected, addition of IPA liquid Was 
immediately terminated, and the total Weight of IPA liquid 
previously added Was recorded. The total Weight of the 
added IPA liquid indicated the IPA capacity of the tested 
adsorbent. 

[0110] The test results for the tWo sorbents respectively 
formed of Inco Type 210 nickel poWder and of Incofoam 
Were as folloWs: 

Inco Type 210 Incofoam 

IPA capacity 26.3 g/SO ml 20 g/SO ml 

EXAMPLE 2 

[0111] Similar tests for sorbents formed of Inco Type® 
210 nickel poWder and of Incofoam® Were conducted to 
determine the storage capacities of such sorbents for Br2 gas. 

[0112] The test results Were as folloWs: 

Inco Type 210 Incofoam 

Br2 holding capacity 27 g/SO ml — 
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[0113] Although the invention has been variously dis 
closed herein With reference to illustrative embodiments and 
features, it Will be appreciated that the embodiments and 
features described hereinabove are not intended to limit the 

invention, and that other variations, modi?cations, and other 
embodiments Will suggest themselves to those of ordinary 
skill in the art. The invention therefore is to be broadly 
construed, consistent With the claims hereafter set forth. 

What is claimed is: 
1. A ?uid storage and dispensing system for storage and 

dispensing a loW vapor pressure ?uid, comprising: 

a storage and dispensing vessel; 

a porous metal matrix disposed in said storage and 
dispensing vessel at an interior gas pressure, Wherein 
said porous metal matrix comprises at least one Group 
VIII metal, Group IB metal or metal alloy therof; 

a dispensing assembly coupled in gas ?oW communica 
tion With the storage and dispensing vessel, and 
arranged for dispensing ?uid from said vessel. 

2. The ?uid storage and dispensing system of claim 1, 
Wherein the loW vapor pressure ?uid to be stored and 
dispensed by said system comprises a ?uid species selected 
from the group consisting of chlorine tri?uoride (CIF3), 
tungsten hexa?uoride (WFG), hydrogen ?uoride (HF), ger 
manium tetra?uoride (GeF4), and bromine (Br2). 

3. The ?uid storage and dispensing system of claim 1, 
Wherein the porous metal metrix comprises one or more 
metals selected from the group consisting of iron, nickel, 
cobalt, ruthenium, rhodium, palladium, osmium, iridium, 
platinum, copper, silver, gold, and alloys thereof. 

4. The ?uid storage and dispensing system of claim 1, 
Wherein the porous metal matrix comprises nickel. 

5. The ?uid storage and dispensing system of claim 1, 
Wherein the porous metal matrix comprises stainless steel. 

6. The ?uid storage and dispensing system of claim 1, 
Wherein the porous metal matrix forms a solid-phase metal 
adsorbent meterial and is characteriZed by an average pore 
diameter in a range of from about 0.5 nm to about 2.0 nm. 

7. The ?uid storage and dispensing system of claim 6, 
Wherein the porous metal matrix is further characteriZed by 
a porosity in a range of from about 10% to about 30%, based 
on total volume of the porous metal matrix. 

8. The ?uid storage and dispensing system of claim 6, 
Wherein the porous metal matrix is further characteriZed by 
a pore siZe distribution, Wherein (1) from about 80% to 
about 90% of pores have a diameter in a range of from about 
1.5 nm to about 2.0 nm, and (2) from about 10% to about 
20% of pores have a diameter greater than 2.0 nm. 

9. The ?uid storage and dispensing system of claim 6, 
Wherein the porous metal matrix further comprises non 
metal adsorbent particles dispersed therein. 

10. The ?uid storage and dispensing system of claim 9, 
Wherein the non-metal adsorbent particles comprises a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, porous silicon, polymers, aluminum phosphosili 
cate, clays, and combinations of tWo or more species thereof. 

11. The ?uid storage and dispensing system of claim 9, 
Wherein the non-metal adsorbent particles comprises a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, and combinations thereof. 
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12. The ?uid storage and dispensing system of claim 9, 
Wherein the non-metal adsorbent particles have average pore 
siZe in a range of from about 0.5 nm to about 50.0 nm. 

13. The ?uid storage and dispensing system of claim 6, 
Wherein the porous metal matrix further comprises non 
metal adsorbent particles coated With a Group VIII metal, a 
Group IB metal or a metal alloy thereof. 

14. The ?uid storage and dispensing system of claim 13, 
Wherein the non-metal adsorbent particles comprise a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, porous silicon, polymers, aluminum phosphosili 
cate, clays, and combinations of tWo or more species thereof. 

15. The ?uid storage and dispensing system of claim 13, 
Wherein the non-metal adsorbent particles comprise a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, and combinations thereof. 

16. The ?uid storage and dispensing system of claim 13, 
Wherein the non-metal adsorbent particles have average pore 
siZe in a range of from about 0.5 nm to about 50.0 nm. 

17. The ?uid storage and dispensing system of claim 1, 
Wherein the porous metal matrix forms a solid-phase metal 
sorbent medium and is characteriZed by an average pore 
diameter in a range of from about 0.25 pm to about 500 pm. 

18. The ?uid storage and dispensing system of claim 17, 
Wherein the porous metal matrix is further characteriZed by 
a porosity in a range of from about 15% to about 95%, based 
on total volume of the porous metal matrix. 

19. Amethod of making a porous metal matrix, including 
the steps of: 

providing ?ne metal particles comprising a Group VIII or 
Group IB metal; and 

sintering said ?ne metal particles to form the porous metal 
matrix. 

20. The method of claim 19, Wherein the ?ne metal 
particles have average particle siZe in a range of from about 
20 nm to about 1.0 pm. 

21. The method of claim 19, Wherein the ?ne material 
particles have been sintered at temperature in a range of 
from about 20° C. to about 1500° C. 

22. Amethod of making a porous metal matrix, including 
the steps of: 

forming a solid-phase matrix comprising at least a Group 
VIII or Group IB metal and an oxidiZable carbon 
containing material; and 

heating said solid-phase matrix in presence of an oxidiZ 
ing agent to gasify said oxidiZable carbon-containing 
material. 

23. The method of claim 22, Wherein the oxidiZable 
carbon-containing material is selected from the group con 
sisting of elemental carbons and hydrocarbon compounds. 

24. The method of claim 22, Wherein the oxidiZable 
carbon-containing material is dispersed in the solid-phase 
matrix. 

25. The method of claim 22, Wherein the oxidiZing agent 
is selected from the group consisting of elemental oxygen, 
oxygen gas, oZone, air, and combinations of tWo or more 
species thereof. 

26. Amethod of making a porous metal matrix, including 
the steps of: 

forming a solid-phase matrix comprising at least a Group 
VIII or Group IB metal and soluble metal oxide par 
ticles; and 



US 2003/0126991 A1 

immersing said solid-phase matrix in an acidic solution to 
dissolve said soluble metal oxide particles. 

27. The method of claim 26, Wherein the soluble metal 
oXide particles comprise at least one metal component 
selected from the group consisting of Fe, Ni, Ag, and Pt. 

28. An adsorption-desorption apparatus, for storage and 
dispensing of a loW vapor pressure ?uid, said apparatus 
comprising: 

a storage and dispensing vessel constructed and arranged 
for holding a solid-phase metal adsorbent medium; 

a solid-phase metal adsorbent medium disposed in said 
storage and dispensing vessel at an interior gas pres 
sure, Wherein said solid-phase metal adsorbent medium 
includes a porous metal matriX comprising at least one 
Group VIII or Group IB metal; 

a loW vapor pressure ?uid adsorbed on said solid-phase 
metal adsorbent medium; and 

a dispensing assembly coupled in gas ?oW communica 
tion With the storage and dispensing vessel, and 
arranged for dispensing from the vessel loW vapor 
pressure ?uid desorbed from the solid-phase metal 
adsorbent medium. 

29. The adsorption-desorption apparatus of claim 28, 
Wherein the loW vapor pressure ?uid comprises a ?uid 
species selected from the group consisting of chlorine trif 
luoride (ClF3), tungsten heXa?uoride (WFG), hydrogen ?uo 
ride (HF), germanium tetra?uoride (GeF4), and bromine 
(Brz). 

30. The adsorption-desorption apparatus of claim 28, 
Wherein the porous metal matriX comprises one or more 
metals selected from the group consisting of iron, nickel, 
cobalt, ruthenium, rhodium, palladium, osmium, iridium, 
platinium, copper, silver, gold, and alloys thereof. 

31. The adsorption-desorption apparatus of claim 28, 
Wherein the porous metal matriX comprises nickel. 

32. The adsorption-desorption apparatus of claim 28, 
Wherein the porous metal matriX comprises stainless steel. 

33. The adsorption-desorption apparatus of claim 28, 
Wherein the porous metal matriX is characteriZed by an 
average pore diameter in a range of from about 0.5 nm to 
about 2.0 nm. 

34. The adsorption-desorption apparatus of claim 33, 
Wherein the porous metal matriX is characteriZed by porosity 
in a range of from about 10% to about 30% by total volume 
of such porous metal matriX. 

35. The adsorption-desorption apparatus of claim 28, 
further comprising non-metal adsorbent particles dispersed 
in the solid-phase adsorbent medium. 

36. The adsorption-desorption apparatus of claim 35, 
Wherein the non-metal adsorbent particles comprise a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, porous silicon, polymers, aluminum phosphosili 
cate, clays, and combinations of tWo or more species thereof. 

37. The adsorption-desorption apparatus of claim 35, 
Wherein the non-metal adsorbent particles comprise a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, and combinations thereof. 

38. The adsorption-desorption apparatus of claim 35, 
Wherein the non-metal adsorbent particles have average 
particle siZe in a range of from about 0.5 nm to about 50.0 
nm. 
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39. The adsorption-desorption apparatus of claim 28, 
further comprising non-metal adsorbent particles coated 
With a Group VIII metal, a Group IB metal or metal alloy 
thereof. 

40. The adsorption-desorption apparatus of claim 39, 
Wherein the non-metal adsorbent particles comprise a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, porous silicon, polymers, aluminum phosphosili 
cate, clays, and combinations of tWo or more species thereof. 

41. The adsorption-desorption apparatus of claim 39, 
Wherein the non-metal adsorbent particles comprise a mate 
rial selected from the group consisting of Zeolites, carbon 
materials, and combinations thereof. 

42. The adsorption-desorption apparatus of claim 39, 
Wherein the non-metal adsorbent particles have average 
particle siZe in a range of from about 0.5 nm to about 50.0 
nm. 

43. A ?uid storage and dispensing system, comprising a 
vessel holding a solid-phase metal adsorbent medium having 
a loW vapor pressure ?uid adsorbed thereon, said vessel 
including a port having dispensing means associated there 
With for controllably dispensing said loW vapor pressure 
?uid desorbed from the solid-phase metal adsorbent medium 
in a dispensing mode of operation of said system, Wherein 
said solid-phase metal adsorbent medium comprises a 
porous metal matriX containing at least one Group VIII or 
Group IB metal. 

44. The ?uid storage and dispensing system of claim 43, 
Wherein the porous metal matriX is characteriZed by an 
average pore diameter in a range of from about 0.5 nm to 2.0 
nm. 

45. The ?uid storage and dispensing system of claim 44, 
Wherein the porous metal matriX is further characteriZed by 
porosity in a range of from about 10% to about 30%, based 
on total volume of said porous metal matriX. 

46. A ?uid storage and dispensing apparatus for storage 
and dispensing of a loW vapor pressure lique?ed gas, com 
prising: 

a storage and dispensing vessel constructed and arranged 
for holding a solid-phase metal sorbent medium; 

a solid-phase metal sorbent medium disposed in said 
storage and dispensing vessel at an interior gas pres 
sure, said solid-phase metal sorbent medium compris 
ing a porous metal matriX including at least one Group 
VIII or Group IB metal; 

a loW vapor pressure lique?ed gas sorbed by said solid 
phase metal sorbent medium; 

a ?uid dispensing assembly coupled in gas ?oW commu 
nication With the storage and dispensing vessel, and 
arranged for dispensing from the vessel gas derived 
from the loW vapor pressure lique?ed gas; and 

a double-stage ?uid pressure regulator associated With the 
?uid dispensing assembly, and arranged to maintain a 
predetermined pressure in the interior volume of the 
vessel, 

Wherein the ?uid dispensing assembly is selectively actu 
atable to ?oW gas, derived from the loW vapor pressure 
lique?ed gas sorbed by said solid-phase metal sorbent 
medium, through the double-stage ?uid pressure regu 
lator, for discharge of the gas from the vessel. 
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47. A ?uid storage and dispensing apparatus of claim 46, 
wherein the porous metal matrix is characterized by an 
average pore diameter in a range of from about 0.25 pm to 
about 500 pm. 

48. A ?uid storage and dispensing apparatus of claim 47, 
Wherein the porous metal matrix is further characteriZed by 
a porosity in a range of from about 15% to about 95%, based 
on total volume of the porous metal matrix. 

49. A ?uid storage and dispensing apparatus of claim 46, 
further comprising one or more heating elements for sup 
plying thermal energy to the loW vapor pressure lique?ed 
gas to compensate for heat loss during evaporation of such 
loW vapor pressure lique?ed gas. 

50. A ?uid storage and dispensing apparatus of claim 49, 
Wherein said heating elements are disposed on an external 
Wall of the storage and dispensing vessel, and Wherein the 
solid-phase metal sorbent medium conducts thermal energy 
supplied by said heating elements to the sorbed loW vapor 
pressure lique?ed gas. 

51. A process for supplying a loW vapor pressure ?uid 
reagent, such process comprising: 

providing a storage and dispensing vessel containing a 
solid-phase metal adsorbent having a sorptive affinity 
for said loW vapor pressure ?uid reagent; 

sorptively adsorbing the loW pressure ?uid reagent on the 
solid-phase metal adsorbent at an interior gas pressure 
to yield a sorbate ?uid-retaining metal adsorbent; 

desorbing sorbate ?uid from the sorbate ?uid-retaining 
metal adsorbent; and 

dispensing the desorbed ?uid from said storage and 
dispensing vessel; 

Wherein said solid-phase metal adsorbent medium 
includes a porous metal matrix comprising at least one 
Group VIII or Group IB metal. 

52. A method of supplying a loW vapor pressure ?uid to 
a process requiring same, said method comprising sorptively 
retaining said loW vapor pressure ?uid on a solid-phase 
metal adsorbent including a porous metal matrix comprising 
at least one Group VIII or Group IB metal, and desorptively 
removing said loW vapor pressure ?uid from said metal 
adsorbent and transporting same to said process When said 
process requires same. 

53. The method of claim 52, Wherein said step of des 
orptively removing said loW vapor pressure ?uid from said 
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adsorbent comprises a desorption modality selected from the 
group consisting of pressure differential-mediated desorp 
tion, thermally-mediated desorption, and concentration dif 
ferential-mediated desorption. 

54. A ?uid storage and dispensing system, comprising a 
storage and dispensing vessel for holding a loW vapor 
pressure lique?ed gas therein, a discharge assembly dis 
posed on the vessel for dispensing loW vapor pressure 
lique?ed gas therefrom, and a gas ?oW regulator inside the 
vessel arranged for ?oW therethrough of gas deriving from 
the loW vapor pressure lique?ed gas, so that gas ?oWs 
through the regulator prior to ?oW through the discharge 
assembly, With a body of solid-phase metal sorbent arranged 
in the vessel to sorptively immobiliZe any loW vapor pres 
sure lique?ed gas that Would otherWise ?oW into the regu 
lator, said solid-phase metal sorbent including a porous 
metal matrix comprising at least one Group VIII or Group IB 
metal. 

55. The ?uid storage and dispensing system of claim 54, 
Wherein the regulator is coupled With a gas ?oW conduit 
inside the vessel arranged to receive gas deriving from the 
loW vapor pressure lique?ed gas, for ?oW of said gas 
through the conduit, the regulator and the discharge assem 
bly, Wherein said body of solid-phase metal sorbent is 
provided in said gas ?oW conduit, for contacting and sorbing 
liquid therein. 

56. A method of suppressing pressure perturbations of a 
?uid storage and dispensing system including a storage and 
dispensing vessel for holding a loW vapor pressure lique?ed 
gas therein, a discharge assembly disposed on the vessel for 
dispensing loW vapor pressure lique?ed gas therefrom, and 
a gas ?oW regulator inside the vessel arranged for ?oW 
therethrough of gas deriving from the loW vapor pressure 
lique?ed gas, so that gas ?oWs through the regulator prior to 
?oW through the discharge assembly, Wherein said pressure 
perturbations are occasioned by ingress of said loW vapor 
pressure lique?ed gas into the regulator, said method com 
prising shielding the regulator from contact With said loW 
vapor pressure lique?ed gas With a body of solid-phase 
metal sorbent arranged in the vessel to sorptively take up any 
loW vapor pressure lique?ed gas that Would otherWise ?oW 
into the regulator, said solid-phase metal sorbent including 
a porous metal matrix comprising at least one Group VIII or 
IE metal. 


